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A study of the soil factors influencing the mottling of Citrus leaves in 
southern California showed that the percentage of humus in the soils of 
the Citrus groves varied inversely with the mottling of the leaves, and 
this inverse relation showed a correlation of 67 per cent (2).'^ In another 
study it was found that organic matter, whether derived from stable 
manures, artificially produced manures from various green cover-nrop 
materials, or by acid hydrolysis of sugar and hay material, attacked the 
soil minerals and liberated iron, calcium, magnesium, and phosphoric 
add.^ In another study on the mulched-basin system (3) it was found 
that on certain soil types this'system caused a considerable diminution 
of leaf -mottling on orange trees (Citrus aurantium). 

In view of these three facts it seemed possible that the mottling of 
Citrus leaves in southern California might possibly be due in part to a 
lack of supply of the mineral nutrients supposed to be most closely con- 
nected with the formation of chlorophyll. For this reason, Citrus leaves 
in various stages of mottling were collected and the iron, magnesium, 
calcium, and phosphoric-acid contents determined. The leaves in the 
various stages of mottling were collected from trees in the same grove, 
and in some cases from the same trees, so as to eliminate, as far as pos- 
sible, the influence of variations in soil type. 

Willstattcr (i i ) has established the fact that the chlorophyll of all 
classes of plants contains magnesium and no other metal, and that the 
magnesium in the chlorophyll has an important part in the assimilation 
of carbon dioxid. Mameli (5,6), in growing a number of plants in media 
lacking in magnesium, found that the plants were etiolated or pale green 
and the chloroplasts abnormal in form as well as in color. She further 
states that comparative analysis showed a smaller percentage of mag- 
nesium in chlorotic or discolored leaves or leaf parts than in normal por- 
tions of the same plant. 

' Referenw is made by ntunber to "Literature died, " p. i66. 

'Jensen, Charles A. Effect of dcroniposing organic matter on the pt'lubillty of certain inorganic con- 
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In another place (4) the same author reports that plants growing in 
media lacking manganese remained colorless or very pale and that by 
adding manganese in increasing proportions a corresponding increase 
in green color resulted. 

Stoklasa, Brdlik, and Just (10), in repeating former work, reaffirm 
their earlier conclusion that phosphorus plays an important r 61 e in the 
production of chlorophyll. Their method of, procedure was to extract 
the leaves with benzol and to determine the phosphorus in the extract. 

One of the authors above cited, Brdlik (i), states that the physio- 
logical action in plants indicates a close relation between phosphorus 
and chlorophyll in the plant cell. He also states that alcohol and benzol 
extracts of green leaves show inorganic phosphorus as well as colorless 
phosphates, indicating that phosphorus plays a very important r 61 e in 
chlorophyll formation. It is his opinion that phosphorus plays as im- 
portant a part in the physiological activity of the plant as magnesium 
or potassium. 

Schryver (9) states that chlorophyll is a magnesium derivative from 
which the metal is eliminated readily by acids, but with great difficulty 
by alkalies. 

Palladine (8) studied the influence of vaiious carbohydrates on chloro- 
phyll formation. Etiolated plants of Vici-a jaba and Pha^eobis vulgam, 
after being kept in the dark for 48 hours, were brought into the light. 
He states that the following substances favored the formation of chloro- 
phyll: Saccharose, raffinose, glucose, fructose, maltose, glycerin, ga- 
lactose, lactose, and dextrin. The following substances checked the 
formation of chlorophyll: Mannite, dulcite, asparagin, urea, alcohol, 
ammonium chlorid, and quinic acid. 

Maze, Ruot, and Lemoigne (7) state that they produced chlorotic con- 
ditions in Vicia narbonnens'is by adding 0.2 per cent of calcium carbonate 
to the culture medium, which condition was neutralized in three days 
by applying a few drops of iron nitrate to the leaves. 

There are apparent contradictions in the findings of some of these 
authors. Willstatter states (it) that the chlorophyll of all plants con- 
tains magnesium and no other metal; Mamcli (5, 6) that plants became 
chlorotic in the. absence of manganese ; Stoklasa et al. (10) that phosphorus 
plays an important part in the formation of chlorophyll. 

It may be that the confusion on the subject is increased by mistaking 
an indirect influence of some of the above-mentioned elements for a direct 
one. Eor instance, iron was for a long time considered an essential con- 
stituent of chlorophyll, and, while it was later found not to be the case, 
iron is known to be quite essential in the formation of the green pigment 
in plants. 

Palladine’s results (8) on chlorophyll formation as influenced by various 
carbohydrates may be of great practical importance in orcharding. 
Especially may this be so in a system under so thorough control as the 
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luuiched basin, when the decomposition products come into direct 
contact with the rootlets of the tree. 

'the mineral composition of Citrus leaves is subject to much variation, 
and the age of the leaf is an important factor to bear in mind when 
selecting leaves for comparative study. Since Citrus trees retain their 
leaves for two to three years, it is often difficult to determine the age of 
a certain leaf. Kspecially is this true of a leaf in the last stages of 
mottling, which, even when but 2 or 3 months old, often looks to be 2 
or 3 years old. 

It is also not a safe procedure to compare mottled leaves from a grove 
in a badly mottled condition with healthy leaves from another grove in a 
good condition, especially if the two groves are on dilTerent soil types. 

In describing the mottled conditions of the leaves here discussed, the 
tenns “first stage/’ “second stage,” and soon to the “fifth stage” were used. 
These terms mean that stage i represents the first definite appearance 
of mottling, the mottled or chlorotic spots being limited to one to 
three small spots on each side of the midrib, the spots in this stage being 
usually confined to the upper part of the leaf. The fifth, or last, stage is 
the other extreme, which represents a leaf where only the midrib may 
retain a little chlorophyll or none at all. The stages 2, 3, and 4 simply 
represent conditions of increasing mottling and range between stages 
I and 5. The various stages are represented in color in one of the publi- 
cations already cited (2). 

In Table I are given the percentages of iron, calcium, magnesium, and 
phosphoric acid found in orange and lemon leaves in various stages of 
mottling, and also the relative distribution of these elements. The 
leaves were all of new spring growth and were collected on the fertilizer 
experiment plots of the University of California Citrus Experiment Sta- 
tion, Riverside. In each table the healthy leaves— that is, those with 
only a trace of mottling— are from trees on the manure plots, and the 
mottled leaves arc from trees on the sodium-nitrate plots. These plots 
are side by side and represent very extreme tree conditions not only so 
far as leaf mottling is concerned but also as regards foliage density, 
fruiting, etc. 

Considering the average composition of the entire leaves, the per- 
centages of calcium, magnesium, and phosphoric acid increase as the 
mottling increases, in both the orange and lemon leaves. 1 here is but 
one exception, that of the phosphoric acid in the last stage of mottling 
in the lemon leaves. 

In most cases the ratio of the percentages of the determined elements 
in the leaves to those in the midribs diminishes slightly as mottling in- 
creases, though this variation is pot very marked. 

In each kind of leaves the average percentage of iron is highest in the 
healthy leaves and is least in stages 3 and 4. 
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TablB I . — Composition of orange and lemon leaves in various states of mottling. Leaves 
collected, on May ii, igi 6 

ORANG5 LEAVES 


Part analyzed. 

Stage of 
mottling. 

Pert'etitage distribution. 

Percentage on dry substance. 

Fe. 

Ca. 

Mg. 

P20i. 

Fe. 

Ca. 

Mg. 

P2O5. 

Leaves minus mid- 

Trace. . . . 

44 

40 

44 

33 

Ol 0096 

2. 17 

0. 266 

0^4.37 

ribs. 
















. 0092 

I. 98 

. 162 

• 39^ 

Leaf steins 

. . .do 

10 

24 

29 

34 

. 0020 

I- 35 

. 171 

•433 

Average of leaves 










and midribs 






. 0094 

2, oS 

. 214 

.417 

Leaves minus mid- 

3-4 

tT 

34 

40 

33 

Tr. 

2. 18 

.300 

•517 

ribs. 










Midribs alone 

3-4 

45 

39 

35 

30 

. 0022 

2. 52 

. 262 

.411 

Leaf stems 

3-4 

54 

27 

25 

.32 

. 0027 

1. 71 

. 190 

.446 

Average of leaves 










and midribs 






. 001 r 

2- .33 

. 2S1 

.464 

Leaves mimis mid- 

Last 

62 

31 

39 

35 

.0058 

i 3. 26 

.342 

.526 

ribs. 







! 



Midribs alone 

. . .do 

17 

4t 

37 

31 

. 0016 

1 4- 27 

• 324 

• 458 

Leaf stems 

, . .do 

21 

28 

24 

34 

. 0017 

2. 96 

. 202 

• 513 

Average of leaves 







1 



and midribs 

1 





.0037 

3' 77 

■333 

.492 


LEMON' LEAVES 


Leaves minus mid- 

Trace. . . . 

43 


38 

37 

0, 0160 

1 - 7.5 

0. 216 

0- 454 

ribs. 










Midribs alone 

, , .do 

45 

35 

31 


. oroo 

I. 49 

• 173 

. 386 

Leaf stems 

. . .do 

10 

24 


32 

. 0036 

T. 05 

• 17s 

. 400 

Average of leaves 










and midribs 






. 0160 

I. 62 

. 200 

. 420 

Leaves minus mid- 

.3-4 

52 

44 

33 

38 

. 0120 

2. 26 

. 226 

■657 

ribs. 










Midribs alone 

3-4 i 34 

37 

38 

31 

. 0080 

I. 91 

■259 

■543 

Leaf stems 

3-4 

14 

19 

29 

31 

•0033 

0. 98 

. 196 

■535 

Average of leaves 





i 





and midribs 






. 0100 

2. 09 

■243 

. 600 

Leaves minus mid- 

Last 

30 

i ^9 

40 ; 

22 

1 -0132 1 

3 - 42 

•337 

. 248 

ribs. 










Midribs alone 



39 

40 

33 

. 0180 

4 - 58 

■ 33<5 

■ 370 

Leaf stems 

. . - do 

28 

32 

20 

45 

1 . 0120 ' 

i 

3-78 

. 166 ■ 

• 5 '3 

Average of leaves 







i 



and midribs 






.0156 

4-00 : 

•387 

i -309 

1 
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In the healthy leaves and usually also in the less mottled leaves of 
both orange and lemon the percentage of each mineral element is less 
in the midrib than in the mesophyll tissue. In leaves in the last stage 
of mottling, however, there is no definite uniformity in this r^pect, the 
midrib containing in some cases a higher and in some cases a lower 
percentage than the leaf proper. There does not appear to have been 
any difficulty about the transfer of these mineral elements from the 
conducting tissue to the mesophyll areas. 

In most cases, regardless of the stage of mottling, the leaf stems con- 
tain less iron, calcium, and magnesium than either the midrib or meso- 
phyll. The phosphoric add is more evenly distributed in the three 
portions of the leaf. 

Table II shows the results of analyses of orange leaves collected from 
a commercial grove near Riverside. There was decidedly less calcium 
and a little less magnesium in the leaves in the medium stage of mottling 
than in the healthy leaves or in the worst mottled leaves; otherwise, the 
remarks regarding the leaves discussed from Table I apply to those 
given in Table II. 


Tabi.K ir. — Composition of orange leaves in various stages of mottling . Leaves col- 
lected on April iS, igi6 


Pari anaiyzed. 

Staae o{ 
moUlinji;. 

Percetilatje diitribution- 

Percentage on dry subsUnce. 

Pc. 

Ca. 

Mg. 

PaOj. 

Fe. , 

1 

Ca. 

Mg. 

PrOj. 

Leaves minus midribs. 

None , . . 

i 

39 1 

44 

i 

’ 40 1 

39 

0. 0126 1 

2.88 

0. 261 

0.436 


.do 


36 






.368 

Leaf stems 

. . .do 

2?| 

20 

! 27 


: -oors ! 

I - 35 

• ^73 


Average of leaves 




i 


i 


* 


and midribs . . . 




. . . .! 


. 0126 

2. 62 

.238 

. 402 

Leaves minus midribs. 

2-.) ] 

1 

40 1 

S 41 ! 

3S' 

. 02 ^0 

1.96 1 

.242 

• 455 

Midribs alone 1 

2-3 

5 - 

35 

i 

32 

. OltiJ 

1. 73 1 

.183 

..176 

Leaf stems 

2-0 

2 Q 

: 25 


30 

, .OIOS 

1.27 

1 -^59 

.360 

Average of leaves 



! 





1 


and midribs. . . 



. .. . 

'. . . .i 


. 0209 

I. 85 

1 -213 

. 416 

Leaves minus midribs. 

3 ~ 4~5 

1 26 1 

34 

1 37 1 

’ 31 

j • 0135 

3. 22 

,294 

. 400 

Midribs alone 

3 - 4-5 

i 29 

42 

36 

1 35 

. 0200 

4- 05 

.235 

•45c 

Leaf stems 

3-4-5 

t 45 

24 

1 27 

34 

1 .0316 

2. 28 

, 220 

•430 

Average of leaves 










and midribs . . . 




j.... 


.0193 

3 - 64 

, 290 

•425 


The leaves reported in Table III were collected on January 3, 1916, 
in commercial groves near Riverside. These leaves, except the last set 
given, were collected from the same grove; usually the healthy and 
mottled leaves were taken from the same tree branches, where both 
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healthy and mottled leaves of approximately the same age could be 
obtained. 

As in the preceding determinations, the worst mottled leaves have the 
highest percentage of the mineral elements under investigation; and the 
percentage distribution shows no consistent differences between the con- 
ducting tissue and the mesophyll areas. 

TABrn ni - — Analysis of orange leaves in various stages of mottling. Leaves collected 
on January j, igi 6 




Percentage distri- 

Percentage on dry sub- 




bution. 


stance. 



Stage of mottling. 









Ca. 

Mg. 

PlOis. 

Ca. 

Mg. 

P20{. 

















Leaf stems 

do 

24 

29 

29 

1.85 

• 394 

.400 

Average of leaves 













2. 97 

•367 

•491 






Leaf minus midrib 

2-4 

50 

44 

49 

2. 28 

• 275 

•531 

Midribs alone 

2-4 

50 

56 

51 

2. 30 

•323 

•551 

Average of leaves 













2. 2g 

•299 

•541 


1 

Leaf minus midrib 

4-5 

43 

SI 

40 

1. 78 

. 267 

•563 

ilidribs alone 

4-5 

57 

49 

60 

2- 39 

. 261 

.835 

Average of leaves 








n n d Tn i rf n 





2, og 

, 264 

.699 



_____ 


Leaf minus midrib 

Last (leaves all yel- 

30 

37 

32 

2. 66 

•344 

•530 


low, midribs 








green). 







\fidTih<; nlnne 





3- ^7 

. 298 

.646 

Leaf stems 

do 

29 

31 

29 

2. 62 : 

• 294 

■473 

Average of leaves 








miHrihs . 





3- 17 

.321 ^ 

- 588 







Leaves 

Very spotted; yel- 

28 

27 

23 

2. 69 

. 204 

•403 


low spots. 







Do 

Green spots; mostly 

34 

42 

31 

3> 24 

•319 

•553 


veins. 







Jlidribs 

do 

38 

31 

46 

3.68 

. 242 

.796 

Average of leaves 








utiH 





2. 97 

. 262 

•483 








The last set of leaves given in Table III was collected In another grove, 
where the mottled appearance of the leaves was much accentuated, the 
boundary lines between the chlorotic tissue and the green tissue being 
very sharp. The mottled spots were cut out and these and the remaining 
green parts, mostly veins, were separately analyzed. The green areas 
contain decidedly more of the elements determined than the yellow spots, 
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but there does not seem to have been any definite accumulation of these 
elements in the midribs, with the exception of phosphoric acid, The 
average percentage of the various elements in the whole leaf is about the 
same as in the other leaves reported in Table III. 

Table IV shows a comparison of the composition of old and new leaves 
of grapefruit {Citrus deewmna). The difference in the calcium and the 
magnesium contents is striking, though the amount of phosphoric acid 
is about the same in the old and new leaves. The results show the 
importance in a study of this kind of securing leaves of as nearly the same 
stage of development as possible. 


TaeIvIJ IV . — Analysis of old and nexsf grapefruit leaves. Colkckdon January 3, igi6 




Percentape distri- 

Percentaee on dry sub- 




bution. 


stance. 


Part analyml. 

Description. 







Ca. 1 M£. 

P: 0 ;.. 

Ca. 

Mg. 

P2O5. 

leaves minus midribs . , , 

Old leaves under 

49 

48 

52 

5. 06 

0. 425 

0-455 


the nevv leaves 
given below. 


■ 







5 ^ 

^ 2 

48 

5 - 24 

.471 

. 416 





Average 


...... 


5, 15 




. 





Leaves minus midribs . . . 

New leaves above 

47 

56 

57 

2. 13 

-333 

. ^60 


the old leaves 
given above. 







Midribs alone 

, . . .do 


44 

43 

2.41 

. 260 

-431 




Average 





2.27 

. 296 

•496 







Table V shows the analyses of leaves from a privet plant [Ligusirum 
aiirca) growing in White Park, Riverside, Cal. A number of branches 
produced in part leaves which were light yellow or almost white in color. 
The percentage of calcium was found to be considerably greater in the 
green leaves than in the yellow leaves. The percentage of magnesium 
was greater in the green leaves, while the percentage of iron and of 
phosphoric acid was greater in the yellow leaves, indicating that the 
absence of chlorophyll is not likely to be due to lack of iron or phosphoric 
acid. The leaf stems of the yellow leaves contain more of each of the 
elements determined than the leaf stems of the green leaves, which might 
be interpreted to indicate that the transfer of mineral nutrients did not 
take place as freely from the leaf stems in the yellow branches as in the 
grCen ones. 

In the last set of analyses of privet leaves given in Table V, the 
yellow margins also contained more iron and phosphoric acid than the 
green midribs, but about one-half as much calcium and a little less 
magnesium. Of the two elements necessary for chlorophyll formation, 
iron and magnesiura, i7on is present in larger amounts in the yellow 
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leaves than in the green leaves, and the percentage of magnesium is 
almost as great. 


Table V. — Analysis of normal green leaves and of yellow leaves of privet. Collected on 
July I, igi6 


Percentage on dry substance. 


Part analyzed. 


Description. 


Entire leaf 

Leaf stems of above. . 
Yellow leaves 

Leaf stems of above . . 
Yellow leaf margins. 

Green midribs of 
above. 

Leaf stems of above . , 


Normal green leaves (entire 
leaf). 

da 

Entire leaf yellow, includ- 
ing midrib. 

do 

Green midrib, yellow leaf 
spread. 

do ; 

do 


Average of yel- 
low margins 
and green mid- 
ribs. 


Fe. 

Ca. 

Mg. 

PjOs. 

0. 0225 

2.03 

0. 250 

0. 481 

. oioS 

.844 

*131 

■326 

. 0388 

1*035 

. 196 

I. 165 

.0386 

I- ,3 50 

.174 

■ 522 

.0312 

.806 

. 221 

I* 305 

. 0242 

1.78 

•259 

.8t5 

.0197 1 

•985 

• 148 

.448 

• C277 

I. 293 

j . 240 

i 

! I. o6o 


SUMM.^RY 

Previous studies by this oiP.ce in southern California have shown that 
the percentage of niottUng of the Citrus leaves varied inversely with the 
humus content of soils in Citrus groves; that decomposing organic 
matter increases the amounts of soluble salts in the soil; and that a sys- 
tem of basin mulching in Citrus groves, especially on certain soil types, 
has produced an improvement in tree growth and fruit setting in com- 
parison mth the furrow system of irrigation and surface cultivation. 

The purpose of the study here reported was to see if mottled Citrus 
leaves showed a deficiency of the mineral elements directly affecting 
chlorophyll formation. If this were the case, better leaf growth on 
Citrus trees in orchards well supplied with active organic matter might 
be associated with the greater amount of soluble mineral plant food in 
a soil well supplied with decomposing organic matter. 

It was found that orange and lemon leaves very badly mottled con- 
tained higher percentages of iron, calcium, magnesium, and phosphoric 
acid than healthy leaves, the average percentage of the entire leaf 
being considered. 

The leaves in the medium stages of mottling sometimes contained 
more and sometimes less of these elements than healthy leaves. 

In nearly all cases the midribs of the healthy leaves contained less of 
the above-mentioned elements than the mcsophyll tissue. In badly 
mottled leaves the midribs contained a higher percentage of calcium 
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than the mesophyll tissue, usually as much magnesium, and usually 
more phosphoric acid. 

With very few minor exceptions, the leaf stems contained less iron, 
calcium, and magnesium than either the midrib or mesophyll area in 
both healthy and mottled leaves. The percentages of calcium, magne- 
sium, and phosphoric acid, however, increased in the leaf stems of badly 
mottled Citrus leaves, but usually not in the tncdium mottled leaves. 

Old leaves contained higher percentages of calcium and magnesium 
than new leaves not fully grown. 

In all the Citms leaves analyzed, the phosphoric acid was quite uni- 
formly distributed in the midribs, tlie mesophyll tissue, and the leaf 
stems (regardless of age or stage of mottling), indicating that phos- 
phoric acid is early and freely transferred through the conducting tissue 
to the mespoliyli areas. 

Sharply outlined yellow spots in the mesophyll areas of orange leaves 
contained less calcium, magnesium, and phosphoric acid tliati the green 
parts (mostly veins) of the leaves. 

Green leaves and the green parts of spotted loaves of the golden privet 
contained about twice as much calcium and appreciabh'- more magnesium 
than the yellow leaves. Yellow leaves and the yellow parts of spotted 
leaves contained more iron than and about 2.5 times as much phosphoric 
acid as the green leaves or green parts of spotted leaves. 

Leaf stems of green privet leaves contained lower percentages of iron, 
calcium, magnesium, and phosphoric acid than the leaves. 

Leaf stems of yellow privet leaves contained about onc-balf as much 
phosphoric acid as the leaves; the percentages of iron and magnesium 
were about the same, while the leaf stems contained more calcium than 
the leaves. The leaf stems of yellow privet leaves contained higher 
percentages of calcium and magnesium than the leaf stems of green 
privet leaves. 

Judged by a comparison of the average percentages of Uie inorganic 
elements determined in healthy Citrus leaves and in leaves in the medium 
stages of mottling, the data obtained did not show that the initial mot- 
tling could be accounted for by deficiency in the transfer of the iron, 
calcium, magnesium, and phosphoric acid from the conducting system 
of the leaf stem and midrib to the mesophyll tissue. 

On the other hand, sharply localized yellow areas in old orange leaves 
contained less of these dements than the adjoining green areas (mostly 
veins), but whether that relation obtained in the initial stage of mot- 
tling was not detennined. 

In very badly mottled Citrus leaves there was in general an increase in 
the percentage of these elements in the conducting tissues, including the 
leaf stems, indicating difficulty in their transfer to the mesophyll tissues 
in very advanced stages of iiioltiing, probably because the leaf had become 
functionless. 
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efi^ects of muscular exercise and the heat of 

THE SUN ON THE BLOOD AND BODY TEMPERATURE 
OF NORMAL PIGS* 

By C. C. Palmer,^ 

AssisUint Veterinarian, Veterinary -Research Laboratories, 

Minnesota Agricultural Experiment Station 

INTRODUCTION 

This work was carried out, in part, along with our studies of the blood 
of normal resting pigs. The work first suggested itself on June 25, 1915. 
We had just started our work on normal adult pig’s blood, and had 
confined in a small outside pen several pigs. These pigs had been quiet, 
but it was noticed that a certain red sow w'as forced to lie directly in the 
sun. This animal was breathing rapidly, but was thought to be normal. 
On taking her temperature it was found to be 106^ F., and the blood 
clotted at 15 seconds (about 60 seconds being normal). By permitting 
the animal to lie in the shade the body temperature soon returned to 
normal, as did the clotting time of the blood. A dilTerential count of 
the leucocytes at this time showed an unusually high percentage of poly* 
morphs, and an unusually low percentage of lymphocytes. Although 
we were familiar with the fact that muscular exercise causes these changes 
in the blood of man, we were surprised to learn that heat could cause 
similar changes in the blood of the pig. It was therefore decided to 
continue these studies of the pig. 

Some time after this experience several papers appeared in the liter- 
ature dealing with the effects of muscular exercise upon the blood of 
man; and, in carefully going over the literature, it was obser\'ed that the 
cause of the various changes in the blood of man resulting from muscular 
exercise was unsettled. It is therefore hoped that the results of this 
work on the pig may throw a little light on these phenomena. 

METHODS OF STUDY 

The animals used in this work were normal hogs weighing about 100 
pounds. They had previously been in a resting state for a couple of 
days. They were taken from their pens, placed in a special hog crate, 
and the various determinations made. The results of these examina- 
tions were added to our data concerning the examination of normal 

' Published, with the approval of the Director, as Paper No. 6 c of the Journal Series of the Minnesota 
Agrimltural Experiment Station. 

^ 1 wish to take this opportututy to express my great appreciation of the valuable assistance rendered 
by my associate, Mr. Arthur L. Anderson, in carrying out this work, 
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hog’s blood. The animals were then removed from the crate and exer- 
cised for a certain length of time, or placed in a small wire pen, exposing 
them to the sun according to the series to which they belonged. Some 
pigs were very easy to exercise, and would drive freely for several minutes 
and would begin to show symptoms of fatigue and a high body temper- 
ature 10 to 15 minutes after the exercise had started. Many pigs, on 
the other hand, were difficult to drive; it is difficult to get them to move 
at a faster gait than a walk, and mth such animals it usually requires 
about one-half hour of exercise before they show fatigue and an increase 
in body temperature. Immediately after the exercise or sun exposure 
the various blood examinations were again determined. 

In a number of animals dry spreads were made at certain intervals, 
covering a period of 24 to 48 hours or longer, following the exercise or 
exposure to the sun. In this manner the leucocytic curve was estab- 
lished. 

The methods of technic were similar to those used in our studies on 
the blood of normal pigs. The temperature throughout each experiment 
was recorded, 

I.—EFFECTS OF MUSCULAR EXERCISE 
A. — EFFECTS ON THE RED CORPUSCLES 

It is well established that exercise in man causes an increase in the num- 
ber of red corpuscles. Tomow ^ found in experiments on soldiers after 
long marches an increase of about 9 per cent in the number of red cor- 
puscles. Hassclbalch and Heyerdahl (2) in two experiments found an 
increase of 1 3 and 1 7 per cent. Boothby and Berry (2) found an aver- 
age increase of 19 per cent, but the increase occurred only when sweating 
was marked. Willebrand (5) found in 12 young men during gymnastic 
work an increase which varied between 2.9 and 23.4 per cent; and the 
length of time consumed in returning to normal was quite variable. 
Zuntz and Sehumberg (5, 7), in a study of German soldiers during 
marches, obtained an average increase of 9 per cent. Hawk (5), in his 
studies of college athletes, found an increase from 7.3 to 26.7 per cent, 
Schneider and Havens (7), in their studies on college athletes, found an 
increase which varied between 3.2 and 2 2.8 per cent. 

In animals Cohnstein and Zuntz (5) examined the blood of rabbits, 
after subjecting the animals to a systematic harassing for several min- 
utes, They found a slight decrease in the number of red corpuscles and 
an accompanying leucytosis. 

In the blood of 15 pigs studied in this laboratory there were practically 
no changes in the number of red corpuscles (Table I). There were slight 
individual variations in the counts before and after exercise; in some 
cases there was an increase and in others a decrease following the exer- 
cise. These variations, however, were no different than those found in 

5 RdercDce is made by number to "Literature c.led," p. 182, 
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normal resting pigs (see “Control experiments"). The average count 
before and ^ter exercise showed 6,098,733 red cells per cubic millimeter 
before and 6,053,666 after exercise. 

Table I— £/ectr of muscular exercise on 75 normal pigs 

before EXERasu 


jir6.. 


Condi- 
tion oi 
Bnimal. 


Color and sex 
ui animal. 


, do. . 
. .do, , 
— .. .do. . 
85l,..do.. 
88;. ..do., 
ni . . .do. . 
102;... do.. 
105 !. . .do . . 
ICS'. . .do. . 
12o|. . ,do. . 

iioj. . . do . . 
tio|. . .do . . 
130 . .do. . 


Black and 
white f e- 
male, 

■White male, . 

Female 

Red female... I 
White male. . 
White female. I 
Black male. , 
Black female. 
Black male... 
Black female . 
Brown female 
Black and 
white male. 
■White female. 


. - do. . 


Black female. 


u ^ I k,- 

§ j ^ X 


ls> 640,0 


S,is6,000'33,c 
6,831,800 14,5 
[6, 196,000:17,0 
IS, 27^,000 19,0 
15' 456,000] 19,0 

5,520,000,18,0 

6, 3X0,000 15,0 

5.960.000 15,01 

6, 104, 20oNs.oi 
7 , 58 d,ooc|i 9 ,o 

5.976. 00020. 0 


1. 06916, 217, 000:20, 0( 
I. O 7 ii 7 , 568 ,coo;i 7 ,o< 

I- o 66 | 5 , 024 .ooo; 28 . 0 ( 


IhffejcDtial cemnt. 


162.8328.521 
70-62 24. 48 

{68.4,5 '25. 42] 
| 59'17 37-04 
57 ' 05 : 26.61 


%| % 

I- 3' 0.52! 


42 2-37 


J7 


58 


58 2 . 

19 , s- 

' S- 13 '3- 37 
4-33[ .37 

‘ '85 

113 - 11 ' 


JjSS. 88 40. 18 . 3 
); 5»98 38 - 6 i! .3 


l.o 6 X| 6 .oo 8 . 733 ;i 9 ,o 66 : 56 . 72 ' 57 , 52] ,60; 4.3oji.o7 


AFTER EXERCISE 


.An ima l 

No. 


7278. 

7276 . 

6308 . 


.^verace. , 


Conditicn of animal. 


A/« 7 || 

3c, Rapid breathinf;. , 
30! do. , 


joj do. . 


15 : dll 

15 NotTnuchchani>e, , . 
3 o[ Rapid breathinK- • • 

25 ; do. 

15] do 

151 Not much change. , . 
1.5 Rapid breathing., , , 

15 ' No change 

15 ' Rapid breathing 


"F. 
107- o[ 

|107- 0 
;lo6. 9; 
jio 9 ' 4 | 
jio 7 . 6 | 

1106.4 


u I a 


o 68 l 6 , 218 , 00051 . 
o 6 «! 5 ,oir,ooo' 35 , 
C 72 ; 5 , 8961 000 20 , 
0706,040,00030, 
062 : 5 , 140 , 000 25 . 
07015 , 664 . 000 39 , 
065 ;,S ., 150.000 16 . 
06816 . 232 , 00025 . 
066 , 6 , 120 , 000 . 15 . 
070 j 5 . 912,000 24 . 
069 | 7 , 600 , 000 22 , 
06615 , 856 . 00020 , 
d 68 | 6 . 475, 000 22 , 
071 1 ?, 826 , 000 16 , 
06615.464.00c 22, 


ro6. <>j 2486,85;: 


Differential count. 


I ' I 

kj ; 


- II 66. 66 

:■ 38 65- 041 

. 24 58 66) 


000 : 47 . 

000.56 


46 70. 23:1. o 
75 Sr- 4 T -2 
57 34 - 78 . 2 ) 
5848.40 ,4( 
74 39 - 70 • 9: 
07 3 <)-,s 6 .5 
83 48-68 .82! 
90158. 05 


5 - Si S 3 - 46 |I -4 
i. 74 ' 50 -«<>! •< 


ot'8i6. 053, <'66 22. 666 43. 63 52, 61 : .7; 


%:% 
*3! - 33 

86 : 1.3 
55 . 37 
3.3 .33 
.18,1.38 
is- 4.5 I. 91 

13 

1. 43) -16 
I. 34 1-34 
. i6| . 49 
5-67:1. 24 


3 . 26 : 1.02 
63 . 52 




Several investigators, working with the blood of man, have found a 
leiicocytosis following muscular exercise. Hawk (5) cites three inves- 
tigations in which a leucocytosis was found after muscular work, the 
number of leucocytes varying from 11,400 to 22,200 (normal, 8,000 to 
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B. — EFFECTS ON THE LEUCOCYTES 

10,000). Zuntz and Schumberg (5, 7) found an increase of 43 per cent 
in the number of leucocytes in soldiers, following marches. Hawk, in 
his college athletes, found an increase of from 21 to 104.4 per cent, with 
an average of 57.0 per cent. Schneider and Havens (7) found an in- 
crease which varied from 13.8 to 130.2 per cent and returned to normal 
in a very short time (30 to 45 minutes). 

In animals Cohnstein and Zuntz (5) found a leucoc3^osis in rabbits, 
following muscular exercise. In pigs we have found, on an average, 
an increase of 18.88 percent. This increase, however, was not uniform; 
and in some cases it was lower after exercise- than before (for explanation, 
see “Discussion of results" and “Control experiments"). 

I.— changes in DrEEERENlIAL COUNTS 

Larrabee (3, 5) not only found a leucocytosis in the blood of the long- 
distance runners which he examined but he also found the polymorphs 
to be increased. The eosinophiles were absent in three cases and much 
reduced in the fourth. The number of transitionals was increased, 
Zuntz and Schumberg (5, 7) obtained an increase of polymorphs from 
6 to 1 1 per cent, and a decrease in the lymphocytes from 3 to 17 per cent. 
Schneider and Havens (7) found an increase of 9 to 45 per cent in poly- 
morphs, and a decrease of 14 to 55 per cent in the lymphocytes. They 
found no definite change in the proportions of the various kinds of 
leucocytes at the close of the exertion, but slowly thereafter and through- 
out a period of from i to 2 hours the polymorphs increased and the 
lymphocyte index (including lymphocytes, mononuclears, and tran- 
sitionals) decreased. They found that the normal proportions returned 
after about 2 to 4 hours. They state that the changes in the differential 
count continued long after the normal number of leucocytes had been 
returned. Burrows (7), on the other hand, in a study of a single case, 
found that exercise decreased the polymorphs and increased the 
lymphocytes. 

In pigs we have found a condition similar to that reported by Larrabee, 
Zuntz, and Schumberg and Schneider and Havens for man, except that 
the normal proportions did not return until after a much longer period. 
Differential counts of the leucocytes indicate a slow destruction of the 
lymphocytes of the blood following muscular exercise and an increase 
of the polymorphs. 

In 15 experiments in which the examinations were made shortly after 
the exercise there was an average decrease of 12.61 per cent of lympho- 
cytes, an average increase of 15.13 per cent of polymorphs, an average 
decrease of 2.34 per cent of eosinophiles, a very slight increase in the 
mononuclears, and a slight decrease in the masts. 
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2.— DrPFERENTlAl, CURVE 

In five experiments an attempt was made to follow these changes in 
the differential count until the nonnal proportions returned. Spreads 
were made at intervals of a few hours and covering a period of 24 to 48 
hours. 

(a) Lymphocyti; curve. — The lymphocytes were decreased, the 
height of the reaction occurring from two to seven hours after exercise, 
with an average of four hours. At this time they were decreased 29.43 
to 39.77 per cent, the average being 32.75 per cent. After the height 
of the reaction there was a gradual return to the normal proportions, 
which took place after 36 to 48 hours, 

(b) Polymorphonuclear curve. — The polymorphs were increased, 
the height of the reaction occurring from two to seven hours after exer- 
cise, and the average high point of the reaction was four hours after 
exercise. At this time they were increased 33.79 to 44.77 per cent, 
with an average increase of 39.88 per cent for the entire five animals. 
Following the height of the reaction the normal proportions gradually 
returned, and the time required varied between 36 and 48 hours. 

(c) HosinopiiilE CURVE. — The eosinophile cur\"e varied from that 
found in the lymphocytes and polymorphs in that these cells showed a 
double curve. Shortly after the exercise (4.5 hours) the eosinophiles 
dropped to zero, or nearly zero; following this there was a gradual in- 
crease until these cells became much higher than the percentage nor- 
mally found. The height of this latter cun^e was reached about 24 
hours after exercise. Following this, the normal proportion gradually 
returned, and the count was again normal at 30 hours or longer. 

Table II details the changes in the eosinophile count in five experi- 
ments. 


T.\ble II . — Changes in the percentages of eosinophiles covering a period of hours fol- 
lowing the muscular exercise of pigs 


Ani- 

mal 

No. 

Normal 

percent- 

age. 

Lowest 

percent 

Bse. 

Differ- 
ence. 1 

1 

Hours 
after 
exercise 
when per- 
oentageis 
lowest. 

Highest 

percent- 

age. 

Hours 

after 

exercise i 
when per-; 
(.eutage is : 
bighist, j 

Hours after exercise when 
return to normal occurs. 

I 

i 

o- 

i 

o. 00 j 

Percent. 

0. 56 1 

4 - 5 

11 . 01 

1 

1 

i 24 

Not established. 

2 

3.00 

•58 ; 

3.42 

4-5 

9. 68 

24 

Do. 

3 1 

1-37 1 

.00 

i'37 1 

4 -S 

11.88 

24 

Do. 

4 

13 ' ” 1 

’I7 1 

12.94 

7.0 

IS- *53 

24 

Do. 

5 

4. 82 

.00 

4. 82 

s. 0 

II. 02 

29 

About 30 hours. 


(d) Mast curve. — The behavior of the mast cells was very similar to 
that of the eosinophiles, and the curve was irregularly parallel mth the 
eosinophile curve. 

82980^-17 2 



172 


Journal oj Agricultural Research 


Vo1.IX,Nq.6 


(e) Mononuclear curve. — The mononuclears were decreased at 
first, and later returned to normal Their behavior was quite similar to 
the lymphocytes. Figure i shows in detail the various curves for one 
animal following muscular exercise. 

C. — EFFECTS ON HEMOGLOBIN 


Boothby and Berry (2) found an increase in the percentage of hemo- 
globin, and this increase occurred only when the red corpuscles were 



° S /O /S 20 S5 30 3S ^ 50 

Fig. I.— Graphs showing the deuil of leucocytic changes in the blood of one pig ioUowing muscular 
exercise. 

increased. These changes did not occur unless there was marked per- 
spiration. These workers found the increase to vary between 7 and ii 
per cent. Schneider and Havens (7) found the changes in hemoglobin, 
on the whole, proportionate, but not always equal, to the increase in 
the number of red corpuscles. They found the increase to vary between 
3.5 and 10.9 per cent. 

In the pig we have found an average increase of 3.13 per cent after 
exercise. The increase was not consistent. The percentage was found 
to be higher in 8 cases, lower in 4, and even in 3. 
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D.~EFFECTS ON SPECIFIC GRAVITY 

The specific gravity of the blood of man in muscular activity has been 
studied by Jones (6). He found that it usually varied directly with the 
red corpuscles. He reports, however, that gentle exercise is accompanied 
by a fall, while the more prolonged or violent forms of exercises are 
accompanied by a rise in the specific gravity. Zuntz and Schumberg 
(5, 7) constantly obtained an increase in the specific gravity of the 
blood. Schneider and Havens (7) found that exercise invariably caused 
a rise. 

In pigs we did not find an increase in specific gravity when the entire 
experiment was considered. 

E.— EFFECTS ON CEOTTING TIME 

As one would naturally expect, the clotting time was greatly increased. 
The clotting time seems to be varied in a rough way with the body 
temperature of the pig. 

CONTROE EXPERIMENTS 

Several control experiments were carried out, whereby blood counts 
were made on normal resting pigs at various inter\^als. In making the 
wet counts the same pipette was used in each experiment, and the 
blood samples were obtained from a fresh vein in either ear. The dry 
spreads were obtained in a similar manner — that is, a fresh clean vein 
was used in making each spread. 

Results of this work showed that, although in some pigs the results 
are quite uniform both in the wet and dry counts, it is often found 
that the blood of the pig is subject to considerable variation at different 
times. 

In some pigs the wet counts were very uniform and showed no varia- 
tions other than normal. In others there was sometimes as much as 
1,000,000 red corpuscles per cubic millimeter difference in two examina- 
tions on the same animal. The differential count of leucocytes also 
showed similar results. In some pigs the differential count covering a 
period of 24 hours was (]uite uniform and showed very slight changes, 
varying between zero and 2 to 3 per cent. In others, however, there 
was marked variation. The individual leucocytes varied at different 
times, and the greatest variation occurred in the polymorphs and lym- 
phocytes. Five experiments dealing with the differential counts were 
made in normal resting pigs and covering a period of 24 hours (12 counts 
made). 
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II, -EFFECTS OF HEAT OF SUN 

In this series of five experiments on the effects of the sun’s heat only 
the changes in the leucocytes were studied. The differential curve for a 
period of 36 to 72 hours was worked out. The results in general were 
quite similar to those obtained in the animals which were gi\'en muscular 
exercise. 

(a) Lymphocyte curve.— The lymphocytes were decreased in number, 
the height of the reduction occurred from 4.5 to 7 hours after l)eing 
placed in the sun, and the average for the five experiments was 6 liours. 
At this time they were decreased 5.06 to 17.01 per cent, the average 
being 11.48 per cent. After this there was a gradual return to the 
normal proportions, which took place after 13 to 48 hours, the average 
being 29 hours. 'I'he greatest change required the longest time to return 
to normal. 

(b) Pouymorphoxuclear ctTRVK- — The polymorphs were increased 
in numbers, the height of the reaction occurred from 4.5 to .7 hours 
after being placed in the sun, and the a^'erage for five cxpe.rinicnts was 
6 hours. At this time they \vere increased 3.79 to 21.63 per cent above 
the normal, the average increase, being 11.4 per cent. Mter the height 
of the reaction there was an irregular return to the normal, which took 
place between 15 and 72 hours or more. The lowest change required 
the least time to return to normal, 

fc) MonO-NUCLEar curve.— There was a slight decrease in the number 
of monoriuclcais. d'hc height of the reaction occurred about 6 hours 
after being placed in the sun. Following this there was a gradual 
increase to the normal proportions. This increase was cjuite irregular. 
In general, the behavior of these cells was quite similar to the lympho- 
cytes. 

(d) EosixophilE curve. — The behavior of the eosinophiles was, in 
general, very similar to this class of cells following muscular exercise. 
If the normal percentage of these cells was rather high, there was always 
a decrease, the height of the reaction occurring about 5 to 7 hours aficr 
being placed in the sun. Following this there was a gradual increase 
in the number of these cells, the increase running far beyond the norma! 
percentage. The height of this increase was attained from 13 to 27 
hours after being placed in the sun. Then there was a gradual retiiru 
to the normal percentage. If the normal percentage was low, the first 
decrease did not occur, but there was a gradual increase until about 13 
to 27 hours after being placed in the sun, when the height of the reac- 
tion occurred. After this there vvas a gradual return to the normal 
proportions. 
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■Table IV. — Dt'iails of the changes in the percentages of cosi nophiles covering a period of yz 
hoursfollo'ding exposure of pigs to the sun 


' 






Hours 






Honrs 


alter 


No. 

Normal 

peri'fTit- 

ajje. 

Lowest 

percentage. 

Difference. 

alter 

exposure 

when per- 
centa^'e is 

Hicliest 
inaease 
in per- 
centa£;e, 

exposure 
in sun 
when in- 
crease in 
percent- 

Hours after exposure in 
sun when return to 
norreal occurs. 





lowest. 


iige is 








highest, 





1 Peres'*’}. 





t 

! 0. 19 

1 Gradual 

] G r adual 


5. cc ■ 

1 .13 

Not established. 

i 

Increase. 

! increase. 





i ^ 4.95 

0. 36 


5 

9. 19 

31 

1 60 hours. 

' ^-37 

. G raclual 

1 G r adual 


5. 12 

27 i 

j Not established, . 


increase. 

increase. 





4 1-57 

, . .do 

. . .do 


4. g 8 

27 

! 48 hours. 

V-..- 2.14 

. 19 

: 1-95 


7. 88 

■ 27 

1 60 hours.. 


(e) Table IV shows in detail the changes in the percentages of cosirio- 
philes at the turning points of the curve. 

>IasT curviv. — The behavior of the mast cells was very similar to 
that of the eosinophiles, and the curv'e '.vas irregularly parallel with 
the eosinophile cur\'e. 

Figure 2 shows in detail the various enrv^es for one animal following 
exposure to the sun. 





i.— Graphs showing the detail oi kucoc’yiic changcis in the blocni of odc pig folJow inp sun exposure. 

III.--EFFECTS OF MUSCULAR EXERCISE AND HEAT OF THE SUN ON 
BODY TEMPERATURE 

The body temperature of animals is known to show’ more variations 
than the body temperature of man, In animals many external conditions 
cause variations in body temperatures. Lee (1) has called attention to 
recent findings of the New York Commission on Ventilation with respect 
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to an apparent relationship between the body temperature of man and 
the temperature of his environment, even under ordinary conditions of 
living. It was found, for example, that during summer months the 
rectal temperature at 8 a. m. of ^leople living in their own homes was 
conditioned by the average atmospheric temperature of the preceding 
night. If the temperature had been warm, the body temperature in 
the morning was high; if cool, the body temperature was low. The 
variation was about i° F. for 20 degrees of atmospheric temperature. 
The body temperature was lowered by confinement in an atmosphere 
of 68° and 50 per cent relative humidity and raised by confinement at 
75° with the same humidity, or still more by 86° with 80 per cent hu- 
midity. T'he actual body temperatures found at these stages, respec- 
tively, were 98°, 98.5°, and 99.3°. 

In extreme atmospheric conditions greater elevations of temperature 
are known to occur (i). A stay of about three hours in an atmosphere 
averaging 104.7° in temperature and 93 per cent relative humidity mav 
produce a rise of several degrees in the body temperature of a normal 
adult man. 

Schroeder and Mohler (8), in their bulletin dealing with the tuberculin 
test of hogs, state that, when the temperature of a nunilx'r of hogs is 
compared, the difference found is of such magnitude that they are at a 
loss to conclude what should be regarded as normal. Other than stating 
that the normal variations that occur in individual hogs arc very great, 
they do not give any figures. These workers have also found that fat 
hogs have a higher temperature than lean ones and that a higher tem- 
perature induced by exercise or some other temporary cause persists 
longer in fat than in lean hogs. 

We have not collected any large aniount of data concerning tempera- 
ture variations in tionnal pigs other than the temperature records which 
accompanied our blood experiments. These experiments, however, 
very clearly demonstrated the extreme variability in the temperature of 
pigs. 

Merely being in the direct rays of the sun will cause a marked increase 
in the body temperature, the increase, of course, varying with the 
atmospheric temperature and relative humidit}'. On a hot day a normal 
pig exposed to the direct rays of the sun may show a temperature as high 
as 106° to 108° F. 

The handling of or working among a group of pigs for only a few minutes 
can cause a marked increase in their body temperatures, For example, 
a black sow weighing 102 pounds had been quiet in a small pen for two 
days. Her rectal temperature was then 102.8°. She was then picked 
up and placed in a hog crate, tlie operation requiring only a few minutes, 
but it caused a rise in the rectal temperature to 104°, 

A black sow weighing 1 30 pounds and in good condition, but not fat, 
had been confined for several days in a small [jeii. Before taking her out 
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of the pen her temperature was 102.3°, She was driven slowly across 
a 50'foot lot and placed in a crate, her temperature at this time being 
103.5°. She was in the crate for 30 minutes, and during this time fought 
some. At the end of this period her temperature was 105.8°. She was 
then exercised for 15 minutes at a slow pace (could not get her to go much 
faster than a walk), and following this exercise her temperature was 
107.8°. She was then placed in the crate again, the various blood exami- 
nations were made, and just before taking her out of the crate she showed 
a temperature of io8.i° and was dyspneic. 

The mere handling of the animals, as holding for examination or 
placing them in a crate, especially if they offer any resistance, will cause 
an increase in the temperature of a degree or two, even when the tempera- 
ture is already high. For example, a black male weighing 105 pounds 
showed a pen temperature of 102.4°. After placing him in the crate the 
temperature was increased to 104°. The animal was still just before 
removing him from the crate, and tlic temperature had been lowered to 
103°. The animal was then exercised for 15 minutes (on a rather cool 
day), and after the exercise the temperature was increased to 105.6°. 
After placing the animal in the crate, the temperature was increased to 
106.4°, and just before removing from the crate it had been lowered to 
106,2°. Very slight struggling in the crate will keep an already high 
temperature elevated and tend to increase a low one. 

Although it w'as not our intention to see how high the temperature 
would go, it might, how^ever, be worthy of recording that the highest 
temperature after exercise was noted in a red sow weighing 108 pounds. 
Tile animal was in very good condition. Before exercise the sow showed 
a temperature of 102.4°. After exercising for one-half hour at a slow 
gait, the temperature was increased to 109.4°. 

After exercising and obtaining the blood samples, if the changes were 
not to be followed further, the animals were given a cold shower bath, 
which quickly lowered the temperature and which the animals thor- 
oughly enjoyed. 

If allowed to remain c|uict, I lie temperatures would return to normal 
in one- half to one hour, 

DISCUSSION OF RESULTS 

changes in the ervthrocvtes after muscular exercise 

Muscular exercise does not cause an increase in the ntmibcr of red 
corpuscles in the blood of the pig. This is difficult to explain. It is 
possible that there was an increase following the exercise; but the 
normal proportions had returned before the count was made, aUhougli 
such an explanation seems hardly plausible in light of the work of Zuntz 
and Schumberg (5, 7), who found an increase in the number of red 
corpuscles in soldiers after long marches. Schneider and Havens 
found the height of the erythrocyte curve was not reached until 75 
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minutes after an 0.8 mile run, and the normal proportions did not return 
for 2 hours. In pigs our counts were made in all cases quite withir 
this time. 

Hawk {5) advances six possible explanations for the increase of 
erythrocytes in exercise. These are (i) the production of new corpus- 
cles; (2) concentration of the blood through increased urine formation 
and copious sweating; (3) concentration of the blood through increased 
evaporation in the lungs; (4) concentration of the blood through vaso- 
motor contraction and rise in blood pressure; (5) sudden passage into the 
circulating blood of a large number of cells lying in various parts of the 
body and inactive before the time of muscular exercise; and (6) passage 
of fluid from the blood to active muscles. 

Hawk concludes that the number of red corpuscles produced by 
muscular exertion is due primarily to the passage into the circulating 
blood of a large number of cells lying in various parts of the body and 
inactive before the time of the muscular exercise. 

We can hardly see how this is possible in the case of the red corpuscles 
which remain in a closed, constantly circulating system. Further, if 
this conclusion is correct, we would expect an increase in the number 
of erythrocytes in the pig. 

Schneider and Havens (7) conclude that the increase in erythrocytes 
is due to a concentration in the peripheral capillaries. Willebrand (5) 
believes that the withdrawal of water from the blood by the w^orking 
muscles is the primary cause of concentration. Zuntz and Schumberg 
(5, 7) accept Willebrand’s explanation. 

If either of these conclusions is correct, we would expect the blood 
of the pig to show an increase in the erythrocytes following exercise, 
Tomow (2) concluded that the increase in the red corpuscles corre- 
sponded roughly to the increased density of the blood as a result of 
sweat caused by muscular work. Similar conclusions can be drawn 
from the work of Hasselbalch and Heyerdahl (2), since there was no 
definite reaction after the first run, while after the second run there was 
a very distinct rise in the number of red corpuscles. This has been 
explained by Boothby and Berry (2) on the ground that there w^as no 
distinct change in the relative number of red corpuscles until sufiicient 
time had elapsed for an appreciable amount of sw eating to have occurred. 

Boothby and Berry conclude from their studies that the increase in 
the percentage of hemoglobin and red corpuscles occurs under condi- 
tions of work causing an appreciable amount of perspiration. If no 
perspiration occurs, there is no such increase. 

Evidence in the pig rather tends to confirm this theory, since the pig 
is an animal which does not sweat and does not show any increase in the 
number of red corpuscles under various degrees of muscular exercise. 
The same has been found to occur in the case of the rabbit, another animal 
which does not sw'eat. 
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LEUCOCYTES AFTER MUSCULAR EXERCISE 

Art increase in the number of leucocytes occurs in the pig. This 
increase was slight, compared to the increase found in man. 

Schneider and Havens (7) found that the normal proportion of leuco- 
evtes usuaJly returned about 30 to 4,5 minutes after the exercise period. 
It is quite possible that in the pig a similar p lie nomen a occurred and that 
the normal proportions had nearly returned by the time we made our 
aftcr-exerdse counts. This fact needs further investigation. 

To account for the leucocytosis, Hawk (5) concludes that it is due to 
an accumulation of leucocytes in the peripheral circulation. Zuntz and 
Schumberg (5, 7) believe that, since the white corpuscles increase so 
much more than the red, a different explanation must obtain for their 
increase, They hold that the passing of wandering cells from the tissues 
into the general circulation is an adequate explanation. . Schneider and 
Havens conclude that concentration of blood in the peripheral capillaries 
is the chief cause of the increase in tlic number of leucocytes. They also 
state that the contraction of the voluntary muscles accelerates the How 
of lymph, throwing lymph rich in leucocytes into the blood. 

Our results in the pig show that the influences which caused an increase 
in the number of red corpuscles in the blood of man can not be used to 
explain the increase in the number of leucocytes. It would seem that 
the explanation proposed by other workers — namely, that leucocytosis 
results from the passage of leucocytes from the tissues and lymphatic 
system into the general circulation as a result of muscular contraction — 
is quite satisfactory. 

ADRENALIN’ THEORY 

Schneider and Havens (7) think tliat adrenalin is primarily responsible 
for the changes in the number of blood corpuscles in the peripheral cir- 
culation. They state that during muscular inaction a large mass of the 
blood is directed to the splanchnic area, where it probably stagnates 
and gives up plasm as lymph. There is also throughout the remainder 
of the body, especially in the limbs, an accumulation of lymph. With the 
onset of muscular activity the carbori-dioxid content of the blood rises, 
this carbon dioxid stimulates the central iicia'Ous centers which regulate 
the secretion of the suprarenal glands, hence, the output of adrenalin is 
increased. The adrenalin causes a constriction of the blood vessels of 
the splanchnic area; this forces the stagnant red cm-puscles into the 
general circulation, thus giving the rise in specific gra\ity, hemoglobin, 
erythrocyte, and leucocyte content of the pcriplicral blood. The increase 
in red corpuscles and hemoglobin makes it possible to supply more readily 
the greater demand for oxygen made by the active muscles. Shortly 
after the close of the exercise the carbon-dioxid content of the blood falls 
below normal. As a result the discharge of adrenalin becomes subnormal 
and the blood once more accumulates in the splanchnic area, so that 
there is a gradual return to the normal composition and even a temporary 
subnormal content in red corpuscles, 



1 8o Journal of A gricultural Research vot. ix, No. e 


This is a beautiful explanation and the work of Schneider and Havens 
tends to prove this theory. If adrenalin is the primary factor concerned 
in increasing the number of red corpuscles, hemoglobin, etc., we fail to 
understand why an increase in these factors did not result in the pig. 

changes in the differentiae count 

The changes in the percentage of the different kinds of leucocytes 
can be explained on the theory of rapid aging of the leucocytes due to 
increased w^ear. Cells grow old under physiological conditions ; it is dif- 
ficult to follow all of the various stages, because every transition form is 
not available for presentation, because some oi tlie stages are passed over 
too quickly, or because certain stages in the life history of different cell 
types may be very similar to each other. Transitional forms may be met 
with which can not be named, because nomenclature itself is incomplete. 

The signs of old age in a cell are (4, p. 18) : (i) The cell body becomes 
relatively larger; (2) the nucleus becomes spherical and relatively 
smaller; and (3) the nucleus becomes indented and polymorphous. 

A cell with a round single nucleus is younger than a cell with a pol}'- 
niorplious nucleus. In the blood of the pig, following muscular exercise 
and exposure to the sun's heat, w*e find a decrease in the mononuclear 
elements and an increase in the polymorphonuclear elements, showing 
that the cells are becoming old faster than new cells are being produced 
or that the rate of aging in a cell has been increased. The mast cells are 
increased in numbers and the majority oi these cells resemble lymphocytes 
which contain many dark granules. Gruner (4, p. 19) states that the 
lymphocyte may develop mast-cell granules when suitable conditions 
arise. Thus, we find a few oi the lymphocytes which assume the form 
of mast cells and may be classed under this heading. 

Muscular exercise and increased body' temperature both very likely 
play an important part in hurrying the life cycle in the leucocytes. 

VA ructions in body temperature 

It is quite evident that the heat-regulating mechanism in the hog is a 
very poor one. vSehroeder and Mohler (8) call attention to the fact that 
the hog is an animal that is ordinarily incased in a thick layer of fat, 
which is a poor conductor of heat and in which the circulation of blood is 
very meager. Over the fat a skin is stretched in which tlie circulation of 
blood is relatively small; and this skin, unlike that of a man or a horse, 
does not take a prominent part in regulating the body temperature 
through the agency of radiation and perspiration. The covering of a 
hog may be regarded as an excellent means for preventing the escape of 
heat from the body rather than for regulating the temperature of the 
body; hence, we have conditions that probably permit a more rapid 
production than escape of heat. These workers also state that when the 
temperature of a number of hogs is compared the difference found i« of 
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such magnitude that they were at a loss to conclude what should be 
regarded as normal. 

There are several factors which can possibly account for the wide 
variations found in the temperature of normal hogs: (i) The condition 
of the animal— that is, the amount of fat; (2) the temperature of the 
atmosphere and the percentage of humidity. A fat hog would have a 
much higher body temperature on a hot humid day than a lean hog, and 
even on a cool day a slight variation may occur. Schroeder and Mohler 
conclude that fat hogs have a higher temperature than lean ones, and 
that a higher temperature induced by exercise or some other temporary 
cause persists longer in fat than lean hogs. 

Since environment can cause a marked variation in the temperature 
of man, with his excellent heat -regulating mechanism, we would expect 
that similar conditions would cause a greater variation in the case of 
the pig with a poor heat -regulating mechanism, 

SUMMARY 

(1) Blood examinations in normal resting pigs, covering a period of 
24 hours, may be quite uniform; but in some animals there is marked 
variation tfiroughout tlie period. 

(2) ObsciA-ations made upon a number of animals leads to the con- 
clusion that muscular exercise does not cause an increase of red cor- 
puscles in the perijdieral circulation of the pig. 

(3) Results based on only one or a few experiments may lead to wrong 
conclusions, owing to the variability in the blood of pigs, 

(4) Evidence given by ^vork; with the pig tends to confirm the theory 
of perspiration being responsible for the increase in the number of red 
corpuscles following muscular exercise in man. 

(5) Muscular exercise in the pig is usually followed by a Icucocytosis. 

(6) This leucocytosis is probably the result of muscular exercise forc- 
ing leucocytes into the general circulation from the tissues, 

(7) Muscular exercise leads to marked changes in the differential 
counts. The mononuclear elements are decreased, and the polymorpho- 
nuclear elements arc increased. The height of the curve is reached 
several hours after exercise, and the normal proportions do not return 
for many hours. 

(8) Exposure to the sun causes similar changes in the differentia! 
curve. 

(g) These changes under both conditions are the result of increased 
rate of aging of the leucocytes, the cells becoming older faster than 
young cells are being produced. 

(10) Muscular exercise and heat of the sun lead to a marked increase 
in body temperature, 

(h) Body temperature changes are more pronounced in fat pigs than 
lean ones, but even in ings weighing 75 to 100 pounds marked changes 
are likely to occur. 
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(12) Increased atmospheric temperature and increased percentage of 
humidity lead to increased body temperature. 

(13) Blood examinations of pigs which are to be used for clinical rec- 
ords should be taken from animals which have been confined in a small 
cool pen for at least 24 hours, and better, 48 hours. The animals must 
be kept absolutely quiet and not worried. Feeding and watering should 
be regular. The daily blood examinations should be made at the same 
time on each day. 

(14) Temperature records which are to be used for clinical records 
should be taken from pigs kept in a cool, shady pen. The ani- 
mal.s should not be exercised or worried when the temperatures are 
taken. If the animals are chased around the pen in endeavoring to 
obtain the temperature, the last temperatures taken may show^ a 
marked rise. For tuberculin work where the temperatures are used it 
would be best to keep them confined in a crate throughout the test. 

(15) The condition of the animal (amount of fat), the temperature of 
the atmosphere, and the percentage of humidity are factors which should 
be considered in detennining the normal temperature of the pig. 
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